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© Antenna switching device. 

© An antenna switching device of the present in- 
vention includes: a transmitting terminal for receiving 
a transmitting signal; a first antenna terminal con- 
nected to a first antenna; a second antenna terminal 
connected to a second antenna; a receiving terminal 
for outputting receiving signals received at the first 
antenna terminal and the second antenna terminal; a 
selecting unit for selecting one mode among a first 



mode for outputting a signal corresponding to the 
transmitting signal to the first antenna t rminal, a 
second mode for outputting the receiving signal re- 
ceived at the first antenna to the receiving terminal, 
and a third mode for outputting the receiving signal 
received at the second antenna to the receiving 
terminal. 



-ID: <EP 0641090A2_I_> 



Rank Xerox (UK) Business Sen/ices 

13. 10/3.09/3. 3- 4> 



EP 0 641 090 A2 



FIG.1 



Low-pass filter 
Transmitting 145 
terminal. " ( ^ 
\ 01 Fi76 "1171 | 162 



Third^ching J 03 Second antenna terminal 
149 f 
\ 170 

First antenna 
r~ . .... terminal 

FirS cir"it Ch,n9 1 £ 2 

,147 1^135 I 



106 Second control 
terminal 



F 



129 



133 ^ 




;P 36 



118 
126 



105 
First control 
terminal 



164] [^ Z _M1 (Jj 

166 / " I 1 

Second switching 
circuit 




.104 
Receiving 
124: I terminal 



/ 

„ 146 

Band-pass filter 



064t090A2_l_> 



2 



1 



EP 0 641 090 A2 



2 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to an antenna 
switching device or an antenna switching duplexer 
for use in a radio communication apparatus such 
as a digital portable radio telephone performing 
radio communication by selectively connecting an 
antenna to a transmitter or a receiver, i.e., using a 
TDMA (time division multiple access) system. 

2. Description of the Related Art: 

In the past, a single-pole double throw switch 
(hereinafter, referred to as an SPDT switch) has 
be n used for selectively connecting an antenna to 
a transmitter or a receiver in mobile communication 
equipment. An exemplary conventional SPDT 
switch will be described with reference to Figure 7. 

Figure 7 shows a circuit configuration of a 
conventional SPDT switch. The SPDT switch in- 
cludes a first signal terminal 601, a second signal 
terminal 602, a third signal terminal 603, a control 
terminal 604, PIN diodes 605 and 606, a strip line 
607 having a 1/4 wavelength of a signal frequency, 
a resistor 608, an inductor 609, and capacitors 610, 
611. 612, and 613. The resistor 608, the inductor 

609. and the capacitor 611 constitute a control 
circuit One end of the capacitor 611 is connected 
to one end of the inductor 609, and the other end 
of the capacitor 611 is grounded. The capacitors 

610, 612, and 613 function as direct-current bloc- 
king capacitors. 

This conventional SPDT switch is used as a 
transmit-receive switch. The operation of the SPDT 
switch as a transmit-receive switch will be de- 
scribed. It is noted that in this case, the first, 
second, and third signal terminals 601, 602, and 
603 work as a transmitting terminal, an antenna 
terminal, and a receiving terminal, respectively. 

When a signal is transmitted from the antenna 
terminal, a positive voltage is applied to the control 
terminal 604. A control current flows through the 
control terminal 604, the resistor 608, the inductor 
609, the PIN diode 605, the strip line 607, and the 
PIN diode 606 in this order. Associated with the 
flow of the control current, the impedance between 
an anode and a cathode of the PIN diodes 605 and 
606 becomes low. The low impedance state be- 
tween the anode and the cathode of the PIN diode 
606 renders an electrical potential at one end of 
the strip line 607 connected to the anode of the 
PIN diode 606 at almost a ground level. This 
causes the impedance at the other end of the strip 
line 607 with respect to the antenna terminal 602 to 
be remarkably increas d. As a result, a transmitting 
signal input from the transmitting terminal 601 is 
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output from the antenna terminal 602 but is not 
output from the receiving terminal 603. 

When a signal is received from the antenna 
terminal, no voltage is applied to the control termi- 

5 nal 604. Since no control current flows, the imped- 
ance between the anode and the cathode of the 
respective PIN diodes 605 and 606 becomes high. 
As a result, a receiving signal input from the an- 
tenna terminal 602 is output from the receiving 

io terminal 603 but is not output from the transmitting 
terminal 601. 

As described above, an antenna is selectively 
connected to a transmitter or a receiver by using 
the conventional SPDT switch. 

75 However, in the case where the above-men- 

tioned SPDT switch is applied to a diversity system 
capable of providing superior receiving characteris- 
tics in mobile radio communication, there arise 
problems. That is, since the diversity system uti- 

20 lizes two antennas, two SPDT switches are re- 
quired for the system. In this case, the number of 
components included in a communication appara- 
tus is increased, making it difficult to realize a 
miniaturized apparatus and rendering the loss of 

25 signal in the apparatus large. 

SUMMARY OF THE INVENTION 

The antenna switching device of this invention, 
30 comprises: 

a transmitting terminal for receiving a transmit- 
ting signal; 

a first antenna terminal connected to a first 
antenna; 

35 a second antenna terminal connected to a sec- 

ond antenna; 

a receiving terminal for outputting receiving 
signals received at the first antenna terminal and 
the second antenna terminal; 

40 selecting means for selecting one mode 

among a first mode for outputting a signal cor- 
responding to the transmitting signal to the first 
antenna terminal, a second mode for outputting the 
receiving signal received at the first antenna to the 

45 receiving terminal, and a third mode for outputting 
the receiving signal received at the second antenna 
to the receiving terminal. 

In one embodiment of the present invention, 
the selecting means comprises: 

so a first switching circuit having a first input 

terminal electrically connected to the transmitting 
terminal and a first output terminal electrically con- 
nected to the first antenna terminal; 

a second switching circuit having a second 

55 input terminal electrically connected to the first 
antenna terminal, and a second output terminal 
electrically connected to the receiving terminal; and 
a third switching circuit having a third input 

3 
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terminal electrically connected to the second an- 
tenna terminal, and a third output terminal elec- 
trically connected to the receiving terminal. 

In another embodiment of the present inven- 
tion, when the selecting means selects the first 
mode, an electrical conduction is brought between 
the first input terminal and the first output terminal 
of the first switching circuit, and the second input 
terminal of the second switching circuit is elec- 
trically disconnected from the second output termi- 
nal thereof, 

when the selecting means selects the second 
mode, the first input terminal of the first switching 
circuit is electrically disconnected from the first 
output terminal thereof, an electrical conduction is 
brought between the second input terminal and the 
second output terminal of the second switching 
circuit, and the third input terminal of the third 
switching circuit is electrically disconnected from 
the third output terminal thereof, and 

when the selecting means selects the third 
mode, the second input terminal of the second 
switching circuit is electrically disconnected from 
the second output terminal thereof, and an elec- 
trical conduction is brought between the third input 
terminal of the third switching circuit and the third 
output terminal thereof. 

In another embodiment of the present inven- 
tion, the above-mentioned antenna switching de- 
vice comprises: 

a low-pass filter electrically connected between 
the transmitting terminal and the first switching 
circuit, for selectively allowing only a signal compo- 
nent of the transmitting signal having a frequency 
lower than a predetermined frequency to pass 
there-through; and 

a reception filter electrically connected be- 
tween the second switching circuit and the receiv- 
ing terminal, for allowing only a signal component 
of the receiving signal having a frequency within a 
predetermined frequency band to pass thereth- 
rough. 

In another embodiment of the present inven- 
tion, the reception filter is a band-pass filter with 
attenuation poles. 

In another embodiment of the present inven- 
tion, the first switching circuit has a first PIN diode 
connected between the first input terminal and the 
first output terminal, and the third switching circuit 
has a second PIN diode connected between the 
third input terminal and the third output terminal. 

In another embodiment of the present inven- 
tion, the first switching circuit has a series circuit of 
an inductor and a capacitor, connected in parallel 
with the first PIN diode between the first input 
terminal and the first output terminal, and the third 
switching circuit has a series circuit of an inductor 
and a capacitor, connected in parallel with th 



second PIN diode between the third input terminal 
and the third output terminal. 

In another embodiment of the present inven- 
tion, at least one of the first switching circuit and 
5 the third switching circuit has an FET, and a drain 
terminal and a source terminal of the FET are 
electrically connected between the first input termi- 
nal and the first output terminal. 

In another embodiment of the present inven- 
10 tion, at least one of the first switching circuit and 
the third switching circuit has an inductor, one end 
of the inductor is electrically connected to the drain 
terminal of the FET, and the other end of the 
inductor is electrically connected to the source 
15 terminal of the FET. 

In another embodiment of the present inven- 
tion, the second switching circuit has first and 
second inductors connected between the second 
input terminal and the second output terminal, a 
20 first capacitor connected between the second input 
terminal and a ground, a second capacitor con- 
nected between the second output terminal and the 
ground, and a PIN diode connected between the 
ground and a contact point between the first induc- 
25 tor and the second inductor. 

In another embodiment of the present inven- 
tion, the second switching circuit has a first quar- 
ter-wave transmission section, a second quarter- 
wave transmission section, and a PIN diode, one 
30 end of the first quarter-wave transmission section is 
electrically connected to the second input terminal, 
one end of the PIN diode and one end of the 
second quarter-wave transmission section are elec- 
trically connected to the other end of the first 
35 quarter-wave transmission section, the other end of 
the PIN diode is grounded, and the other end of 
the second quarter-wave transmission section is 
electrically connected to the second output termi- 
nal. 

^o In another embodiment of the present inven- 

tion, the second switching circuit has a series cir- 
cuit of an inductor and a PIN diode, electrically 
connected between the second input terminal and 
the second output terminal, and a capacitor elec- 
ts trically connected between the second input termi- 
nal and the second output terminal and connected 
in parallel with the series circuit. 

In another embodiment of the present inven- 
tion, the first switching circuit has a PIN diode, and 
so the second and third switching circuits have FETs. 

In another embodiment of the present inven- 
tion, the second switching circuit has an inductor, a 
capacitor, a first FET, and a second FET, one end 
of th inductor and one end of the capacitor are 
55 respectively electrically connected to the second 
input terminal, the oth r end of the capacitor is 
grounded, th other end of the inductor is elec- 
trically connected to a drain terminal of the first 
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FET and a drain terminal of the second FET, a 
source terminal of the first FET is grounded, and a 
source terminal of the second FET is electrically 
connected to the second output terminal. 

In another embodiment of the present inven- 
tion, the second switching circuit has a quarter- 
wave transmission section, a first FET, and a sec- 
ond FET, one end of the quarter-wave transmission 
section is electrically connected to the second in- 
put terminal, the other end of the quarter-wave 
transmission section is electrically connected to a 
drain terminal of the first FET and a drain terminal 
of the second FET, a source terminal of the first 
FET is grounded, and a source terminal of the 
second FET is electrically connected to the second 
output terminal. 

In another embodiment of the present inven- 
tion, the third switching circuit has a first FET and a 
second FET, a drain terminal of the first FET and a 
drain terminal of the second FET are electrically 
connected to the third input terminal, a source 
terminal of the first FET is grounded, and the third 
output terminal is electrically connected to a source 
terminal of the second FET. 

In another embodiment of the present inven- 
tion, the third switching circuit has a first FET, a 
second FET, and a resistor having resistance near- 
ly equal to a matched load, a drain terminal of the 
first FET and a drain terminal of the second FET 
are electrically connected to the third input termi- 
nal, a source terminal of the first FET is connected 
to one end of the resistor, the other end of the 
resistor is grounded, and a source terminal of the 
second FET is electrically connected to the third 
output terminal. 

In another embodiment of the present inven- 
tion, the third switching circuit has a first FET and a 
second FET, resistance between a drain terminal 
and a source terminal of the first FET in an ON 
state is nearly equal to a matched load, the drain 
terminal of the first FET and a drain terminal of the 
second FET are electrically connected to the third 
input terminal, the source terminal of the first FET 
is grounded, and a source terminal of the second 
FET is electrically connected to the third output 
terminal. 

In another embodiment of the present inven- 
tion, the above-mentioned antenna switching de- 
vice comprises: a transmission filter electrically 
connected between the transmitting terminal and 
the first antenna terminal; and a reception filter 
having a circuit portion electrically connected be- 
tween the second antenna terminal and the receiv- 
ing terminal and having a dielectric r sonator elec- 
trically connected to the receiving terminal. 

In another embodiment of the present inven- 
tion, the above-mentioned antenna switching de- 
vice comprises a substrate having a first portion on 
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which the transmission filter is formed, a second 
portion on which the circuit portion of the reception 
filt r is formed, and a third portion on which the 
dielectric resonator of the reception filter is formed, 
5 wherein the third portion of the substrate is 

interposed between the first portion and the second 
portion. 

In another embodiment of the present inven- 
tion, the above-mentioned antenna switching de- 

io vice comprises: a transmission filter electrically 
connected between the transmitting terminal and 
the first antenna terminal, allowing a signal compo- 
nent having a frequency within a transmitting fre- 
quency band to pass there-through and having 

15 high impedance with respect to a signal component 
having a frequency within a receiving frequency 
band. 

In another embodiment of the present inven- 
tion, the selecting means has a first switching cir- 

20 cuit including a first input terminal electrically con- 
nected to the first antenna terminal and a first 
output terminal electrically connected to the receiv- 
ing terminal, and a second switching circuit includ- 
ing a second input terminal electrically connected 

25 to the second antenna terminal and a second out- 
put terminal electrically connected to the receiving 
terminal. 

In another embodiment of the present inven- 
tion, the above-mentioned antenna switching de- 
30 vice comprises a reception filter electrically con- 
nected between the first switching circuit and the ♦ 
receiving terminal. 

In another embodiment of the present inven- 
tion, the reception filter selectively allows a signal 
35 component of the receiving signal having a fre- 
quency within a predetermined frequency band to 
pass therethrough. 

In another embodiment of the present inven- 
tion, the reception filter is a band-pass filter with 
40 attenuation poles. 

In another embodiment of the present inven- 
tion, the transmission filter further has a low-pass 
characteristic. 

In another embodiment of the present inven- 
45 tion, the transmission filter has a band-stop filter 
and a low-pass filter. 

In another embodiment of the present inven- 
tion, the second switching circuit has a PIN diode 
electrically connected between the second input 
so terminal and the second output terminal. 

In another embodiment of the present inven- 
tion, the second switching circuit has a series cir- 
cuit of an inductor and a capacitor, el ctrically 
connected between the second input terminal and 
55 the second output terminal, and the PIN diode is 
connected in parallel with the series circuit. 

In another embodiment of the pr sent inven- 
tion, the s cond switching circuit has a FET having 

5 
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a drain terminal and a source terminal electrically 
connected between the second input terminal and 
the second output terminal, and a control signal for 
controlling the FET is input to a gate terminal of 
the FET. 

In another embodiment of the present inven- 
tion, the second switching circuit has an inductor 
one end of which is connected to the drain terminal 
of the FET and the other end of which is connected 
to the source terminal of the FET. 

In another embodiment of the present inven- 
tion, the first switching circuit has a first inductor, a 
second inductor, a first capacitor, a second capaci- 
tor, and a PIN diode, one end of the first inductor 
and one end of the first capacitor are electrically 
connected to the first input terminal, the other end 
of the first capacitor is grounded, one end of the 
PIN diode and one end of the second inductor are 
electrically connected to the other end of the first 
inductor, the other end of the PIN diode is ground- 
ed, the other end of the second inductor and one 
end of the second capacitor are electrically con- 
nected to the first output terminal, and the other 
end of the second capacitor is grounded. 

In another embodiment of the present inven- 
tion, the first switching circuit has a first quarter- 
wave transmission section, a second quarter-wave 
transmission section, and a PIN diode, one end of 
the first quarter-wave transmission section is elec- 
trically connected to the first input terminal, one 
end of the PIN diode and one end of the second 
quarter-wave transmission section are electrically 
connected to the other end of the first quarter-wave 
transmission section, the other end of the PIN 
diode is grounded, and the other end of the second 
quarter-wave transmission section is electrically 
connected to the first output terminal. 

In another embodiment of the present inven- 
tion, the first switching circuit has a series circuit of 
an inductor and a PIN diode, electrically connected 
between the first input terminal and the first output 
terminal, and a capacitor electrically connected be- 
tween the first input terminal and the first output 
terminal and connected in parallel with the series 
circuit. 

In another embodiment of the present inven- 
tion, the first switching circuit has an inductor, a 
capacitor, a first FET, and a second FET, one end 
of the inductor and one end of the capacitor are 
electrically connected to the first input terminal, the 
other end of the capacitor is grounded, a drain 
terminal of the first FET and a drain terminal of the 
second FET are electrically connected to the other 
end of the inductor, a source terminal of the first 
FET is grounded, and a source terminal of the 
second FET is electrically connect d to the first 
output terminal. 



In another embodiment of the present inven- 
tion, the first switching circuit has a quarter-wave 
transmission section, a first FET, a second FET, 
one end of the quarter-wave transmission section is 
5 electrically connected to the first input terminal, the 
other end of the quarter-wave transmission section 
is electrically connected to a drain terminal of the 
first FET and a drain terminal of the second FET, a 
source terminal of the first FET is grounded, and a 
w source terminal of the second FET is electrically 
connected to the first output terminal. 

In another embodiment of the present inven- 
tion, the second switching circuit has a first FET 
and a second FET, a drain terminal of the first FET 
is and a drain terminal of the second FET are elec- 
trically connected to the second input terminal, a 
source terminal of the first FET is grounded, and a 
source terminal of the second FET is electrically 
connected to the second output terminal. 
20 in another embodiment of the present inven- 

tion, the second switching circuit has a first FET, a 
second FET, and a resistor having resistance near- 
ly equal to a matched load, a drain terminal of the 
first FET and a drain terminal of the second FET 
25 are electrically connected to the second input ter- 
minal, one end of the resistor is connected to a 
source terminal of the first FET, the other end of 
the resistor is grounded, and a source terminal of 
the second FET is electrically connected to the 
30 second output terminal. 

In another embodiment of the present inven- 
tion, the second switching circuit has a first FET 
and a second FET, resistance between a drain 
terminal and a source terminal of the first FET in 
35 an ON state is nearly equal to a matched load, the 
drain terminal of the first FET and a drain terminal 
of the second FET are electrically connected to the 
first input terminal, the source terminal of the first 
FET is grounded, and a source terminal of the 
40 second FET is electrical connected to the second 
output terminal. 

According to the antenna switching 1 device of 
the present invention, two SPDT switches are not 
required for reception and transmission, and at 
45 least one PIN diode can be omitted in a signal path 
from the first antenna terminal to the receiving 
terminal, compared with a switching device using 
two SPDT switches. 

Thus, the invention described herein makes 
50 possible the advantage of providing a low-loss min- 
iaturized antenna switching device capable of se- 
lectively connecting an antenna to a transmitter or 
a receiver and switching antennas for receiving a 
signal. 

55 This and other advantages of the present in- 

v ntion will becom apparent to those skilled in the 
art upon reading and understanding the following 
detailed description with reference to the accom- 
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panying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a circuit diagram of an antenna 
switching device of Example 1 according to the 
present invention. 

Figure 2 is a plan view of the antenna switch- 
ing device of Example 1 according to the present 
invention. 

Figure 3 is a circuit diagram of an antenna 
switching device of Example 2 according to the 
present invention. 

Figure 4 is a circuit diagram of an antenna 
switching device of Example 3 according to the 
present invention. 

Figure 5 is a circuit diagram of an antenna 
switching device of Example 4 according to the 
present invention. 

Figure 6 is a circuit diagram of an antenna 
switching device of Example 5 according to the 
present invention. 

Figure 7 is a circuit diagram of a conventional 
SPDT switch. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinafter, the present invention will be de- 
scribed by way of illustrative examples with refer- 
ence to the drawings. 

Example 1 

Referring to Figures 1 and 2, an antenna 
switching device of Example 1 according to the 
present invention includes a transmitting terminal 
101 for receiving a transmitting signal, a first an- 
tenna terminal 102 connected to a first antenna, a 
second antenna terminal 103 connected to a sec- 
ond antenna, a receiving terminal 104 for outputting 
a receiving signal received from the first antenna 
terminal 102 and the second antenna terminal 103, 
a first control terminal 105 for receiving a first 
control signal, and a second control terminal 106 
for receiving a second control signal. The antenna 
switching device further includes a first switching 
circuit 147, a second switching circuit 148, a third 
switching circuit 149, a low-pass filter 145 elec- 
trically connected between the transmitting terminal 
101 and the first switching circuit 147, and a band- 
pass filter 146 electrically connected between the 
second switching circuit 148 and the receiving ter- 
minal 104. The first switching circuit 147 has an 
input terminal 162 electrically connected to the 
transmitting terminal 101 and a first output terminal 
164 electrically connected to the first antenna t r- 
minal 102. The second switching circuit 148 has a 
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second input terminal 166 electrically connected to 
the first antenna terminal 102, and a second output 
terminal 168 electrically connected to the receiving 
terminal 104. The third switching circuit 149 has a 

5 third input terminal 170 electrically connected to 
the second antenna terminal 103 and a third output 
terminal 172 electrically connected to the receiving 
terminal 104. 

The first switching circuit 147, the second 

10 switching circuit 148, and the third switching circuit 
149 constitute selecting means. The selecting 
means selects one mode among a first mode for 
outputting a signal corresponding to the transmit- 
ting signal to the first antenna terminal 102, a 

75 second mode for outputting a signal received at the 
first antenna to the receiving terminal 104, and a 
third mode for outputting a signal received at the 
second antenna to the receiving terminal 104. The 
selecting means selects the first mode when a 

20 voltage having the first level is supplied to the first 
control terminal 105, selects the third mode when a 
voltage having the second level is supplied to the 
second control terminal 106, and selects the sec- 
ond mode when a voltage is not supplied to the 

25 first and second control terminals 105 and 106. 

In Figures 1 and 2, the reference numerals 
108, 109, and 110 denote PIN diodes; 114 and 115 
one end short-circuited dielectric coaxial resonators 
(dielectric resonators); 116, 117, 118, 119, 120, 

30 121, 122, 123, and 124 inductors; 126 and 127 
resistors; 129, 130, 131, 132, 133, 134, 135, 136, 
137, 138, 139, 140, 141, 142, 143, and 144 capaci- 
tors; 150, 151, 152, 153, 154, and 155 ground 
terminals; and 156 a ground electrode pattern. 

35 The inductors 116 and 117 and capacitors 129, 

130, and 131 constitute the low-pass filter 145 
which is a transmission filter. The low-pass filter 
145 allows a signal having a frequency within and 
lower than a transmitting frequency band to pass 

40 therethrough and has high impedance with respect 
to higher harmonics of the transmitting signal. The 
dielectric resonators 114 and 115, the inductor 124, 
and the capacitors 142, 143, and 144 constitute the 
band-pass filter 146 which is a reception filter. The 

45 band-pass filter 146 allows a signal having a fre- 
quency within a receiving frequency band to pass 
therethrough and has high impedance with respect 
to signals having other frequencies. 

The band-pass filter 146 includes a circuit por- 

50 tion electrically connected between the second an- 
tenna terminal 103 and the receiving terminal 104, 
and the dielectric resonators 114 and 115 each of 
which electrically connected between the receiving 
terminal 104 and the ground. In this example, the 

55 capacitors 142, 143, and 144, and the inductor 124 
constitute the circuit portion of the band-pass filter 
146. 
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The PIN diode 108, the inductor 119, and the 
capacitor 134 constitute the first switching circuit 
147. 

The PIN diode 109, the inductors 120 and 121, 
and the capacitors- 136, 137, and 141 constitute the 5 
second switching circuit 148. In the second switch- 
ing circuit 148, a forward voltage is applied to the 
PIN diode 109 to bring a low impedance state 
between an anode and a cathode thereof and a 
contact point between the inductors 120 and 121 is w 
almost grounded. As a result, the inductor 120 and 
the capacitor 136 and the inductor 121 and the 
capacitor 141 respectively resonate in parallel with 
each other to bring extremely high impedance be- 
tween the second input terminal 166 and the sec- 75 
ond output terminal 168. 

The PIN diode 110, the inductor 122, and the 
capacitor 140 constitute the third switching circuit 
149. A circuit constituted by the inductor 118, the 
resistor 126, and the capacitors 132 and 133 func- 20 
tions as an input matching circuit as well as a 
control circuit for the first switching circuit 147. A 
circuit constituted by the inductor 123, the resistor 
127, the capacitors 138 and 139 function as an 
input matching circuit as well as a control circuit for 25 
the third switching circuit 149. 

The capacitor 137 having appropriate capaci- 
tance contributes to the improvement of the imped- 
ance matching at the first antenna terminal 102 and 
the receiving terminal 104 when a signal is re- 30 
ceived at the first antenna terminal 102. 

The low-pass filter 145 which is a transmission 
filter removes a higher harmonics component from 
the transmitting signal, thereby preventing the high- 
er harmonics from being irradiated. A direct-current 35 
blocking capacitor is not required for a connecting 
point between the band-pass filter 146 and the 
third switching circuit 149 by using the capacitor 
142 as an input coupling element of the band-pass 
filter 146. The band-pass filter 146 which is a 40 
reception filter removes unwanted signal compo- 
nents from the receiving signal. In the case where 
the band-pass filter 146 is made a polarized band- 
pass filter, the number of resonators of the band- 
pass filter 146 can be decreased compared with 45 
the case where the band-pass filter 146 is not 
polarized. 

In the second switching circuit 148, one end of 
the inductor 120 and one end of the capacitor 136 
are electrically connected to the second input ter- 50 
minal 166, and the other end of the capacitor 136 
is grounded. The other end of the inductor 120 is 
electrically connected to one end of the PIN diode 
109 and one end of the inductor 121. The oth r 
end of the PIN diode 109 is grounded. The other 55 
end of the inductor 121 and one nd of the capaci- 
tor 141 are electrically connected to the second 
output terminal 168, and the other end of the 



capacitor 141 is grounded. The second switching 
circuit 148 can be miniaturized with such a configu- 
ration. 

As shown in Figure 2, the antenna switching 
device of this example includes a substrate 100 on 
which elements of the device are formed. The 
substrate 100 includes a first portion on which the 
low-pass filter 145 is formed, a second portion on 
which the circuit portion of the band-pass filter 146 
is formed, and a third portion on which the dielec- 
tric resonators 114 and 115 are formed. The third 
portion of the substrate 100 is interposed between 
the first portion and the second portion. The trans- 
mitting terminal 101 is formed beside the low-pass 
filter 145, the ground terminal 155 and the ground 
electrode pattern 156 are formed beside the dielec- 
tric resonators 114 and 115, and the receiving 
terminal 104 is formed beside the circuit portion of 
the band-pass filter 146, on the substrate 100. 
Since the ground electrode pattern 156 connected 
to the ground terminal 155 and the dielectric reso- 
nators 114 and 115 are provided between the 
transmitting terminal 101 and the receiving terminal 
104, the deterioration of the isolation between the 
transmitting terminal 101 and the receiving terminal 
104 caused by the electromagnetic coupling be- 
tween the low-pass filter 145 and the band-pass 
filter 146 can be prevented. 

In the first switching circuit 147, a series circuit 
of the inductor 119 and the capacitor 134 is con- 
nected in parallel with the diode 108. The purpose 
of this connection is to increase the impedance 
between the first input terminal 162 and the first 
output terminal 164 of the first switching circuit 147 
when the first switching circuit 147 is interrupted. In 
the case where the inductor 119 and the capacitor 
134 are removed from the first switching circuit 
147, the impedance between the first input terminal 
162 and the first output terminal 164 is decreased. 
However, even in this case, the same function as 
the above can be realized. 

Even though a quarter-wave transmission sec- 
tion is substituted for either the inductor 120 and 
the capacitor 136 or the inductor 121 and the 
capacitor 141, or for both of them, the same func- 
tion can be realized. In this case, a specific effect 
can be obtained, that is, the loss of the receiving 
signal at a time when the receiving signal is re- 
ceived at the first antenna terminal 102 is reduced. 

Hereinafter, the operation of the antenna 
switching device of the present example will be 
described. 

When the transmitting signal is transmitted 
(first mode), a positive voltage is applied to the first 
control terminal 105, and no voltage is applied to 
the second control terminal 106. A control current 
flows through th first control terminal 105, the 
resistor 126, th inductor 118, the first switching 
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circuit 147, the inductor 120, and the PIN diode 
109 in this order. Associated with the flow of the 
control current, the impedance between the first 
input terminal 162 and the first output terminal 164 
of the first switching circuit 147 and between an 
anode and a cathode of the PIN diode 109 be- 
comes low. The low impedance state between the 
anode and the cathode of the PIN diode 109 ren- 
ders a contact point between the inductors 120 and 
121 almost grounded. Because of this, the inductor 
120 and the capacitor 136 and the inductor 121 
and the capacitor 141 respectively resonate in par- 
allel with each other to bring extremely high imped- 
ance between the second input terminal 166 and 
the s cond output terminal 168 in the second 
switching circuit 148. Consequently, the transmit- 
ting signal input from the transmitting terminal 101 
is output from the first antenna terminal 102 but is 
not output from the other terminals. 

The antenna switching device of the present 
example has two receiving modes in addition to the 
above-mentioned transmitting mode. These receiv- 
ing modes are classified into that receiving a signal 
from the first antenna terminal 102 (second mode) 
and that receiving a signal from the second an- 
tenna terminal 103 (third mode). 

First, the operation of the mode for receiving a 
signal from the first antenna terminal 102 will be 
described. 

When a signal is received from the first an- 
tenna terminal 102, no voltage is applied to the first 
control terminal 105 and the second control termi- 
nal 106. Since no control current flows through the 
device, the impedance between the first input ter- 
minal 162 and the first output terminal 164 of the 
first switching circuit 147, between the third input 
terminal 170 and the third output terminal 172 of 
the third switching circuit 149, and between the 
anode and the cathode of the PIN diode 109 be- 
comes high. As a result, the receiving signal input 
from the first antenna terminal 102 is output from 
the receiving terminal 104 but is not output from 
the other terminals. 

Next, the operation of the mode receiving a 
signal at the second antenna terminal 103 will be 
described. 

When a signal is received from the second 
antenna terminal 103, no voltage is applied to the 
first control terminal 105, and a positive voltage is 
applied to the second control terminal 106. A con- 
trol current flows through the second control termi- 
nal 106, the resistor 127, the inductor 123, the third 
switching circuit 149, the inductor 121, and the PIN 
diode 109 in this order. Associated with the flow of 
the control current the impedanc between the 
first input terminal 162 and the first output terminal 
164 in the first switching circuit 147 becomes high, 
and the impedance between the third input terminal 



170 and the third output terminal 172 of the third 
switching circuit 149 and between the anode and 
the cathode of the PIN diode 109 becomes low. 
The low impedance state between the anode and 

5 the cathode of the PIN diode 109 renders the 
contact point of the inductors 120 and 121 almost 
grounded. Because of this, the inductor 120 and 
the capacitor 136 and the inductor 121 and the 
capacitor 141 resonate in parallel with each other 

io to bring extremely high impedance between the 
second input terminal 166 and the second output 
terminal 168 in the second switching circuit 148. 
Consequently, the receiving signal input from the 
second antenna terminal 103 is output from the 

75 receiving terminal 104, but is not output from the 
other terminals. 

In the antenna switching device of Example 1 
according to the present invention having the 
above-mentioned construction and function, at least 

20 one PIN diode element can be omitted in a signal 
path from the first antenna terminal 102 to the 
receiving terminal 104, unlike the switching device 
using two SPDT switches. Furthermore, according 
to the present invention, a low-loss miniaturized 

25 antenna switching device capable of selectively 
connecting an antenna to a transmitter or a re- 
ceiver, removing unwanted signal components from 
the receiving signal by suppressing higher har- 
monics thereof, and switching antennas for recep- 

30 tion can be obtained. 

Example 2 

Referring to Figure 3, an antenna switching 

35 device of Example 2 according to the present in- 
vention includes a transmitting terminal 201 for 
receiving a transmitting signal, a first antenna ter- 
minal 202 connected to a first antenna, a second 
antenna terminal 203 connected to a second an- 

40 tenna, a receiving terminal 204 for outputting a 
receiving signal received from the first antenna 
terminal 202 and the second antenna terminal 203, 
a first control terminal 205 for receiving a first 
control signal, and a second control terminal 206 

45 for receiving a second control signal. The antenna 
switching device further includes a first switching 
circuit 247, a second switching circuit 248, and a 
third switching circuit 249, a low-pass filter 245 
electrically connected between the transmitting ter- 

50 minal 201 and the first switching circuit 247, and a 
band-pass filter 246 electrically connected between 
a second switching circuit 248 and the receiving 
terminal 204. The first switching circuit 247 has a 
first input terminal 262 electrically conn cted to the 

55 transmitting terminal 201 and a first output terminal 
264 electrically connected to the first antenna ter- 
minal 202. The second switching circuit 248 has a 
second input terminal 266 electrically connected to 
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the first antenna terminal 202, and a second output 
terminal 268 electrically connected to the receiving 
terminal 204. The third switching circuit 249 has a 
third input terminal 270 electrically connected to 
the second antenna terminal 203 and a third output 
terminal 272 electrically connected to the receiving 
terminal 204. 

The first switching circuit 247, the second 
switching circuit 248, and the third switching circuit 
249 constitute selecting means. The selecting 
means selects one mode among a first mode for 
outputting a signal corresponding to the transmit- 
ting signal to the first antenna terminal 202, a 
second mode for outputting a signal received at the 
first antenna to the receiving terminal 204, and a 
third mode for outputting a signal received at the 
second antenna to the receiving terminal 204. The 
selecting means selects the first mode when a 
voltage having a predetermined level is supplied to 
the first control terminal 205, selects the third 
mode when voltages having predetermined levels 
are supplied to the first and second control termi- 
nals 205 and 206, and selects the second mode 
when a voltage is not supplied to the first and 
second control terminals 205 and 206. 

In Figure 3, the reference numerals 208, 209, 
and 210 denote PIN diodes; 214 and 215 one end 
short-circuited dielectric coaxial resonators (dielec- 
tric resonators); 216, 217, 218, 219, 220, 221, 222, 
223, and 224 inductors; 226 and 227 resistors; 229 
230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 

240, 241, and 242 capacitors. 

The inductors 216 and 217 and capacitors 229, 
230, and 231 constitute the low-pass filter 245. The 
low-pass filter 245 allows a signal having a fre- 
quency within and lower than a transmitting fre- 
quency band to pass therethrough and has high 
impedance with respect to higher harmonics of the 
transmitting signal. The dielectric resonators 214 
and 215, the inductor 224, and the capacitors 240, 

241, and 242 constitute the band-pass filter 246. 
The band-pass filter 246 allows a signal having a 
frequency within a receiving frequency band to 
pass therethrough and has high impedance with 
respect to signals having other frequencies. 

The PIN diode 208, the inductor 219, and the 
capacitor 234 constitute the first switching circuit 
247. 

The PIN diode 209, the inductor 220, and the 
capacitor 236 constitute the second switching cir- 
cuit 248. In the second switching circuit 248, when 
a forward voltage is applied to the PIN diode 209 to 
bring a low impedance state between an anode 
and a cathode thereof, th inductor 220 and the 
capacitor 236 resonate in parallel with each other 
to bring extremely high impedance between the 
second input terminal 266 and the second output 
terminal 268. When a forward voltage is not applied 
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to the PIN diode 209 and the impedance between 
the anode and the cathode of the PIN diode 209 
becomes high, the inductor 220 and the capacitor 
236 do not resonate in parallel with each other to 
5 bring a low impedance state between the second 
input terminal 266 and the second output terminal 
268. In the second switching circuit 248, a series 
circuit of the inductor 220 and the PIN diode 209 is 
electrically connected in parallel with the capacitor 
10 236 between the second input terminal 266 and the 
second output terminal 268. This construction pro- 
vides an effect of reducing the loss of the receiving 
signal when the receiving signal is received at the 
first antenna terminal 202. 
is The PIN diode 210, the inductor 221, and the 

capacitor 239 constitute the third switching circuit 
249. A circuit constituted by the inductor 218, the 
resistor 226, and the capacitors 232 and 233 func- 
tions as an input matching circuit as well as a 
20 control circuit for the first switching circuit 247. A 
circuit constituted by the inductor 222, the resistor 
227, the capacitors 237 and 238 function as an 
input matching circuit as well as a control circuit for 
the third switching circuit 249. 
25 Hereinafter, the operation of the antenna 

switching device of the present example will be 
described. 

When the transmitting signal is transmitted 
(first mode), a positive voltage is applied to the first 
30 control terminal 205, and no voltage is applied to 
the second control terminal 206. A control current 
flows through the first control terminal 205. the 
resistor 226, the inductor 218, the first switching 
circuit 247, the second switching circuit 248, and 
35 the inductor 223 in this order. Associated with the 
flow of the control current, the impedance between 
the first input terminal 262 and the first output 
terminal 264 of the first switching circuit 247 be- 
comes low and the impedance between the second 
40 input terminal 266 and the second output terminal 
268 of the second switching circuit 248 becomes 
high. Consequently, the transmitting signal input 
from the transmitting terminal 201 is output from 
the first antenna terminal 202 but is not output from 
45 the other terminals. 

The antenna switching device of the present 
example has two receiving modes in addition to the 
above-mentioned transmitting mode. These receiv- 
ing modes are classified into that receiving a signal 
so from the first antenna terminal 202 (second mode) 
and that receiving a signal from the second an- 
tenna terminal 203 (third mode). 

First, the operation of the mode for receiving a 
signal from the first antenna terminal 202 will be 
55 described. 

When a signal is received from the first an- 
tenna terminal 202, no voltage is applied to the first 
control terminal 205 and the second control termi- 

10 
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nal 206. Since no control current flows through the 
device, the impedance between the first input ter- 
minal 262 and the first output terminal 264 of the 
first switching circuit 247 and between the third 
input terminal 270 and the third output terminal 272 
of the third switching circuit 249 becomes high. 
Simultaneously, the impedance between the sec- 
ond input terminal 266 and the second output ter- 
minal 268 of the second switching circuit 248 be- 
comes low. As a result, the receiving signal input 
from the first antenna terminal 202 is output from 
the receiving terminal 204 but is not output from 
the other terminals. 

Next, the operation of the mode for receiving a 
signal at the second antenna terminal 203 will be 
described. 

Wh n a signal is received from the second 
antenna terminal 203, a positive voltage is applied 
to the first control terminal 205 and the second 
control terminal 206. A control current flows 
through the first control terminal 205, the resistor 
226, the inductor 218, the first switching circuit 
247, the second switching circuit 248, and the 
inductor 223 in this order. Simultaneously, the con- 
trol current flows through the second control termi- 
nal 206, the resistor 227, the inductor 222, the third 
switching circuit 249, and the inductor 223 in this 
order. Associated with the flow of the control cur- 
rent, the impedance between the first input terminal 
262 and the first output terminal 264 of the first 
switching circuit 247 and between the third input 
terminal 270 and the third output terminal 272 of 
the third switching circuit 249 becomes low, and 
the impedance between the second input terminal 
266 and the second output terminal 268 of the 
second switching circuit 248 becomes high. Con- 
sequently, the receiving signal input from the sec- 
ond antenna terminal 203 is output from the receiv- 
ing terminal 204, but is not output from the other 
terminals. 

In the antenna switching device of Example 2 
according to the present invention has the same 
function as that of Example 1. However, in the 
present example, the number of elements between 
the first antenna terminal and the receiving terminal 
is less than that of Example 1 . Thus, the loss of the 
receiving signal in the circuit can be further mini- 
mized. 

Example 3 

Referring to Figure 4, an antenna switching 
device of Example 3 according to the present in- 
vention includes a transmitting terminal 301 for 
receiving a transmitting signal, a first antenna ter- 
minal 302 connected to a first antenna, a second 
antenna terminal 303 conn cted to a second an- 
tenna, a r ceiving terminal 304 for outputting a 
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receiving signal received from the first antenna 
terminal 302 and the second antenna terminal 303, 
a first control terminal 305 for receiving a first 
control signal, a second control terminal 306 for 

5 receiving a second control signal, a third control 
terminal 307 for receiving a third control signal, a 
fourth control terminal 308 for receiving a fourth 
control signal, and a fifth control terminal 309 for 
receiving a fifth control signal. The antenna switch- 

10 ing device further includes a first switching circuit 
342, a second switching circuit 343, a third switch- 
ing circuit 344, a low-pass filter 340 electrically 
connected between the transmitting terminal 301 
and the first switching circuit 342, and a band-pass 

75 filter 341 electrically connected between the sec- 
ond switching circuit 343 and the receiving terminal 

304. The first switching circuit 342 has a first input 
terminal 362 electrically connected to the transmit- 
ting terminal 301 and a first output terminal 364 

20 electrically connected to the first antenna terminal 
302. The second switching circuit 343 has a sec- 
ond input terminal 366 electrically connected to the 
first antenna terminal 302. and a second output 
terminal 368 electrically connected to the receiving 

25 terminal 304. The third switching circuit 344 has a 
third input terminal 370 electrically connected to 
the second antenna terminal 303 and a third output 
terminal 372 electrically connected to the receiving 
terminal 304. 

30 The first switching circuit 342, the second 

switching circuit 343, and the third switching circuit 
344 constitute selecting means. The selecting 
means selects one mode among a first mode for 
outputting a signal corresponding to the transmit- 

35 ting signal to the first antenna terminal 302, a 
second mode for outputting a signal received at the 
first antenna to the receiving terminal 304, and a 
third mode for outputting a signal received at the 
second antenna to the receiving terminal 304. The 

40 selecting means selects the first mode when vol- 
tages having predetermined levels are respectively 
applied to the first, third, and fifth control terminals 

305, 307, and 309, selects the second mode when 
voltages having predetermined levels are respec- 

45 tively applied to the second and fifth control termi- 
nals 306 and 309, and selects the third mode when 
voltages having predetermined levels are respec- 
tively applied to the third and fourth control termi- 
nals 307 and 308. 

so In Figure 4, the reference numeral 310 denotes 

a PIN diode; 311, 312. 313, and 314 field effect 
transistors (FETs); 315 and 316 one end short- 
circuited dielectric coaxial resonators (dielectric 
resonators); 317, 318, 319, 320, 321, and 322 in- 

55 ductors; 323 a strip line; 324, 325. 326, 327. and 
328 resistors; and 329. 330, 331, 332, 333, 334, 
335, 336, 337, 338, and 339 capacitors. 
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The strip line 323 has a characteristic imped- 
ance of about 50 Q, and has a length of 1/4 wave- 
length of a signal having a transmitting frequency. 

The inductors 317 and 318 and capacitors 329, 
330, and 331 constitute the low-pass filter 340. The 5 
low-pass filter 340 allows a signal having a fre- 
quency within and lower than a transmitting fre- 
quency band to pass therethrough and has high 
impedance with respect to higher harmonics of the 
transmitting signal. The dielectric resonators 315 10 
and 316, the inductor 322, and the capacitors 337, 
338, and 339 constitute the band-pass filter 341. 
The band-pass filter 341 allows a signal having a 
frequency within a receiving frequency band to 
pass therethrough and has high impedance with 75 
respect to signals having the other frequencies. 

The PIN diode 310, the inductor 320, and the 
capacitor 334 constitute the first switching circuit 

342. A circuit constituted by the inductor 319, the 
resistor 324. the capacitors 332 and 333 functions 20 
as an input matching circuit as well as a control 
circuit for the first switching circuit 342. 

The FETs 311 and 312, the strip line 323, the 
control terminals 306 and 307. and the resistors 
325 and 326 constitute the second switching circuit 25 

343. In the case where a voltage is not applied to 
the second control terminal 306, the impedance 
between the drain and the source of the FET 311 
becomes low, and one end of the strip line 323 is 
almost grounded, the second switching circuit 343 30 
has an extremely high impedance with respect to 
the first antenna terminal 302. 

The FETs 313 and 314, the control terminals 
308 and 309, the inductor 321, and the resistors 
327 and 328 constitute the third switching circuit 35 

344. The resistance between the drain and the 
source of the FET 313 at low impedance is almost 
equal to a matched load. 

In the first switching circuit 342, the PIN diode 
310 allows a large signal to be transmitted thereth- 40 
rough with less distortion than when an FET is 
used. 

Because of the construction in which the sec- 
ond switching circuit 343 and the third switching 
circuit 344 are respectively formed using a FET, 45 
electric power consumed by the antenna switching 
device becomes nearly zero at a time when a 
signal is received. 

In the second switching circuit 343, one end of 
the strip line 323 is electrically connected to the 50 
second input terminal 366, and the other end of the 
strip line 323 is electrically connected to the drain 
of the FET 311 and the drain of the FET 312. The 
source of the FET 311 is grounded and the source 
of the FET 312 is electrically conn cted to the 55 
second output terminal 368. Because of this con- 
figuration of the second switching circuit 343, el c- 
tric power consumed by the second switching cir- 



cuit 343 becomes almost zero and the deterioration 
of the isolation between the first antenna terminal 
302 and the receiving terminal 304 is prevented at 
a time when a transmitting power is large. 

In the third switching circuit 344, the resistance 
between a drain and a source of the FET 313 at 
low impedance is almost equal to a matched load. 
The drain of the FET 313 and the drain of the FET 
314 are electrically connected to the third input 
terminal 370, the source of the FET 313 is ground- 
ed, and the source of the FET 314 is electrically 
connected to the third output terminal 372. Be- 
cause of this configuration of the third switching 
circuit 344, when the impedance between the drain 
and the source of the FET 313 becomes low and 
the impedance between the drain and the source of 
the FET 314 becomes high, the second antenna 
terminal 303 becomes substantially connected to a 
matched load. Thus, when the transmitting signal is 
transmitted and when the receiving signal is re- 
ceived from the first antenna terminal 302, the 
interference between the first antenna connected to 
the first antenna terminal 302 and the second an- 
tenna connected to the second antenna terminal 
303 can be prevented. 

In the second switching circuit 343, the strip 
line 323 can be replaced by an inductor one end of 
which is connected the second input terminal 366 
and the other end of which is connected to the 
drain of the FET 311 and a capacitor one end of 
which is connected to the second input terminal 
366 and the other end of which is grounded. In this 
case, the same effects as those obtained when the 
strip line 323 is used can be obtained, and simulta- 
neously the antenna switching device can be read- 
ily miniaturized. 

The same effects can also be obtained when 
one end of a resistor having a resistance nearly 
equal to the matched load is connected to the 
source of the FET 313 and the other end of the 
resistor is grounded instead of making the resis- 
tance between the drain and the source of the FET 
313 at low impedance almost equal to the matched 
load. 

In the case where the resistance between the 
drain and the source of the FET 313 at low imped- 
ance is made almost zero, although the second 
antenna terminal 303 will not be connected to a 
matched load, the isolation of the third switching 
circuit 344 at a time when the third switching circuit 
344 is interrupted is increased. It is noted that 
when the FET 313 is removed from the third 
switching circuit 344, even though the above-men- 
tioned eff cts are lost, the third switching circuit 
344 retains required functions. 

In the third switching circuit 344, one end of 
the inductor 321 is connected to the drain of the 
FET 314 and the other end of the inductor 321 is 
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connected to the source of the FET 314. Because 
of this configuration, the impedance between the 
third input terminal 370 and the third output termi- 
nal 372 of the third switching circuit 344 can be 
increased at a time when the third switching circuit 
344 is interrupted. The inductor 321 can be re- 
moved from the third switching circuit 344. How- 
ever, even though the inductor 321 is removed and 
the impedance between the third input terminal 370 
and the third output terminal 372 is decreased, the 
same function as that of the present example can 
be realized. 

Hereinafter, the operation of the antenna 
switching device of the present example will be 
d scribed. 

When the transmitting signal is transmitted 
(first mode), a positive voltage is applied to the first 
control terminal 305, a negative voltage equal to or 
lower than a pinch off voltage is applied to the third 
and fifth control terminals 307 and 309, and no 
voltage is applied to the second and fourth control 
terminals 306 and 308. A control current flows 
through the first control terminal 305. the resistor 
324, the inductor 319, the first switching circuit 
342, the strip line 323, and the FET 311 in this 
order. When the control voltages are applied to the 
respective control terminals, the impedance be- 
tween the first input terminal 362 and the first 
output terminal 364 of the first switching circuit 342 
and between the drain and the source of the FETs 
311 and 313 becomes low, and the impedance 
between the drain and the source of the FETs 312 
and 314 becomes high. The low impedance state 
between the drain and the source of the FET 311 
renders one end of the strip line 323 almost 
grounded. This causes the second switching circuit 
343 to have extremely high impedance with re- 
spect to the first antenna terminal 302. As a result, 
the transmitting signal input from the transmitting 
terminal 301 is output from the first antenna termi- 
nal 302 but is not output from the other terminals. 
Furthermore at this time, the impedance between 
the drain and the source of the FET 313 becomes 
low and the impedance between the drain and the 
source of the FET 314 becomes high. Thus, the 
second antenna terminal 303 becomes substan- 
tially connected to a matched load. 

The antenna switching device of the present 
example has two receiving modes in addition to the 
above-mentioned transmitting mode. These receiv- 
ing modes are classified into that receiving a signal 
from the first antenna terminal 302 (second mode) 
and that receiving a signal from the second an- 
tenna terminal 303 (third mode). 

First, the operation of the mode for receiving a 
signal at the first antenna terminal 302 will be 
described. 



When a signal is received from the first an- 
tenna terminal 302, a negative voltage equal to or 
less than a pinch off voltage is applied to the 
second and fifth control terminals 306 and 309. At 

5 this time, no voltage is applied to the first, third, 
and fourth control terminals 305, 307, and 308. 
When such a control voltage is applied to the 
respective control terminals, the impedance be- 
tween the first input terminal 362 and the first 

w output terminal 364 of the first switching circuit 342 
and between the drain and the source of the FETs 
311 and 314 becomes high, and the impedance 
between the source and the drain of the FETs 312 
and 313 becomes low. Consequently, the receiving 

75 signal input from the first antenna terminal 302 is 
output from the receiving terminal 304 but is not 
output from the other terminals. When the imped- 
ance between the drain and the source of the FET 
313 becomes low and the impedance between the 

20 drain and the source of the FET 314 becomes 
high, the second antenna terminal 303 becomes 
substantially connected to a matched load. 

Next, the operation of the mode for receiving a I 
signal at the second antenna terminal 303 will be 

25 described. 

When a signal is received from the second 
antenna terminal 303, a negative voltage equal to 
or less than a pinch off voltage is applied to the , 
third control terminal 307 and the fourth control 

30 terminal 308. At this time, no voltage is applied to 
the first, second and fifth control terminals 305, 
306, and 309. When such a control voltage is 
applied to the respective control terminals, the im- 
pedance between the first input terminal 362 and 

35 the first output terminal 364 of the first switching 
circuit 342 and between the drain and the source of 
the FETs 312 and 313 becomes high, and the 
impedance between the drain and the source of the 
FETs 311 and 314 becomes low. As a result, the 

40 receiving signal input from the second antenna 
terminal 303 is output from the receiving terminal 
304 but is not output from the other terminals. 

As described above, the antenna switching de- 
vice in Example 3 according to the present inven- 
ts tion has the same function as that of Example 1 
according to the present invention, and in addition, 
the antenna switching device in Example 3 con- 
sumes almost no electric power when receiving a 
signal. 

50 

Example 4 

Referring to Figure 5, an antenna switching 
device of Example 4 according to the present in- 
55 vention includes a transmitting terminal 401 for 
receiving a transmitting signal, a first antenna ter- 
minal 402 connected to a first antenna, a s cond 
antenna terminal 403 connected to a second an- 
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tenna, a receiving terminal 404 for outputting a 
receiving signal received from the first antenna 
terminal 402 and the second antenna terminal 403, 
and a control terminal 405 for receiving a control 
signal. The antenna switching device further in- 
cludes a first switching circuit 447, a second 
switching circuit 448, a transmission filter 445 elec- 
trically connected between the transmitting terminal 
401 and the first switching circuit 447, and a band- 
pass filter 446 electrically connected between the 
second switching circuit 448 and the receiving ter- 
minal 404. The first switching circuit 447 has a first 
input terminal 462 electrically connected to the 
transmitting terminal 401 and the first antenna ter- 
minal 402, and a first output terminal 464 elec- 
trically connected to the receiving terminal 404. 
The second switching circuit 448 has a second 
input terminal 466 electrically connected to the 
second antenna terminal 403 and a second output 
terminal 468 electrically connected to the receivinq 
terminal 404. 

The first switching circuit 447 and the second 
switching circuit 448 constitute selecting means. 
The selecting means selects one mode among a 
first mode for outputting a signal corresponding to 
the transmitting signal to the first antenna terminal 
402, a second mode for outputting a signal re- 
ceived at the first antenna to the receiving terminal 

404, and a third mode for outputting a signal re- 
ceived at the second antenna to the receiving ter- 
minal 404. The selecting means selects the first 
mode when a positive voltage is supplied to the 
control terminal 405, selects the second mode 
when no voltage is supplied to the control terminal 

405, and selects the third mode when a positive 
voltage is supplied to the control terminal 405. 

In Figure 5, the reference numerals 408 and 
409 denote PIN diodes; 413, 414 and 415 one end 
short-circuited dielectric coaxial resonators (dielec- 
tric resonators); 416, 417, 418, 419, 420, and 421 
inductors; 426 a resistor; 429, 430, 431 432 433 
434, 435, 436, 437, 438, 439, 440, and 441 capaci- 
tors. 

The dielectric resonator 413, the inductors 416 
and 417, and the capacitors 429, 430, and 431 
constitute the transmission filter 445. The transmis- 
sion filter 445 allows a signal having a frequency 
within a transmitting frequency band of the trans- 
mitting signal to pass therethrough and has high 
impedance with respect to the receiving signal. 

The dielectric resonators 414 and 415, the in- 
ductor 421, and the capacitors 439, 440, and 441 
constitute the band-pass filter 446. The band-pass 
filt r 446 allows a signal having a frequency within 
a receiving frequency band to pass therethrough 
and has high impedance with respect to signals 
outside of the receiving frequency band. 



The PIN diode 408, the inductors 418 and 419, 
and the capacitors 432, 433, 434, and 438 con- 
stitute the first switching circuit 447. In the first 
switching circuit 447, when a forward voltage is 
s applied to the PIN diode 408 to bring a low imped- 
ance state between an anode and a cathode there- 
of, and a contact point between the inductors 418 
and 419 is almost grounded, the inductor 418 and 
the capacitor 432 and the inductor 419 and the 
w capacitor 438 respectively resonate in parallel with 
each other. As a result, the impedance between the 
first input terminal 462 and the second input termi- 
nal 464 becomes extremely high. The capacitor 
433 is a DC blocking capacitor. 
75 The PIN diode 409, the inductor 420, and the 

capacitor 436 constitute the second switchinq cir- 
cuit 448. 

The transmission filter 445 is constructed so as 
to allow a signal having a frequency within a trans- 
20 mitting frequency band to pass therethrough and to 
allow a signal having a frequency within a receiving 
signal frequency band to be attenuated. Because of 
this construction, the transmitting signal input from 
the transmitting terminal 401 is output from the first 
25 antenna terminal 402, and the receiving signal input 
from the first antenna terminal 402 is not output 
from the transmitting terminal 401. By providing the 
transmission filter 445 with low-pass characteristics 
in addition to the above-mentioned transmission 
30 characteristics, the transmission filter 445 will be 
capable of preventing the radiation of higher har- 
monics of the transmitting signal. Since the trans- 
mission filter 445 functions as a band-elimination 
filter using a dielectric resonator as well as a low- 
35 pass filter, the loss of the transmitting signal can be 
reduced and the circuit can be miniaturized, com- 
pared with the case of using a band-pass filter as 
the transmission filter 445. In the present example, 
a one-stage notch filter is used for the transmission 
40 filter 445. It is noted that when a multistage notch 
filter is used for the transmission filter 445, higher 
performance can be obtained. 

The antenna switching device of the present 
example will have the same function as that as 
45 described above, even though the first switching 
circuit 447 has the same configuration as that of 
the second switching circuit 248 in Example 2. 

Hereinafter, the operation of the antenna 
switching device of the present example will be 
so described. 

When the transmitting signal is transmitted 
from the first antenna (first mode), a positive volt- 
age is applied to the control terminal 405. A control 
current flows through the control terminal 405, the 
55 resistor 426, the second switching circuit 448 the 
inductor 419, and the PIN diode 408 in this order 
Associated with the flow of the control current, the 
impedance between the second input terminal 466 
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and the second output terminal 468 of the second 
switching circuit 448 and between an anode and a 
cathode of the PIN diode 408 becomes low. The 
low impedance state between the anode and the 
cathode of the PIN diode 408 renders a contact 
point between the inductors 418 and 419 almost 
grounded. This causes the inductor 418 and the 
capacitor 432 and the inductor 419 and the capaci- 
tor 438 to resonate in parallel with each other. As a 
result, the impedance between the first input termi- 
nal 462 and the first output terminal 464 of the first 
switching circuit 447 becomes extremely high. 
Since the transmission filter 445 allows a signal 
having a frequency within a transmitting frequency 
band to pass therethrough, the transmitting signal 
input from the transmitting terminal 401 passes 
through the transmission filter 445 and is output 
from the first antenna terminal 402, but is not 
output from the other terminals. 

The antenna switching device of the present 
example has two receiving modes in addition to the 
above-mentioned transmitting mode. These receiv- 
ing modes are classified into that receiving a signal 
at the first antenna terminal 402 (second mode) 
and that receiving a signal at the second antenna 
terminal 403 (third mode). 

First, the operation of the mode for receiving a 
signal at the first antenna terminal 402 will be 
described. 

When a signal is received at the first antenna 
terminal 402, no voltage is applied to the control 
terminal 405. Since no control current flows 
through the device, the impedance between the 
second input terminal 466 and the second output 
terminal 468 of the second switching circuit 448 
and between the anode and the cathode of the PIN 
diode 408 becomes high. The impedance of the 
transmission filter 445 with respect to the first an- 
tenna terminal 402 is extremely high in the receiv- 
ing frequency band. Consequently, the receiving 
signal input from the first antenna terminal 402 is 
output from the receiving terminal 404 and is not 
output from the other terminals. 

Next, the operation of the mode for receiving a 
signal at the second antenna terminal 403 will be 
described. 

When a signal is received at the second an- 
tenna terminal 403, a positive voltage is applied to 
the control terminal 405. A control current flows 
through the control terminal 405, the resistor 426, 
the second switching circuit 448, the inductor 419, 
and the PIN diode 408 in this order. Associated 
with the flow of the control current, the impedance 
betw n the second input terminal 466 and the 
second output terminal 468 of the second switching 
circuit 448 and between the anode and the cathode 
of the PIN diode 408 becomes low. The low imped- 
ance state between the anode and the cathode of 



the PIN diode 408 renders the contact point be- 
tween the inductors 418 and 419 almost grounded. 
This causes the inductor 418 and the capacitor 432 
and the inductor 419 and the capacitor 438 to 

5 resonate in parallel with each other. Consequently, 
the impedance between the input terminal 462 and 
the output terminal 464 of the first switching circuit 
447 becomes extremely high. Consequently, the 
receiving signal input from the second antenna 

io terminal 403 is output from the receiving terminal 
404 but is not output from the other terminals. 

The antenna switching device in Example 4 
according to the present invention has the same 
function as that of Example 1, using less number of 

75 PIN diodes compared with that of Example 1. 

Example 5 

Referring to Figure 6, an antenna switching 

20 device in Example 5 according to the present in- 
vention includes a transmitting terminal 501 for 
receiving a transmitting signal, a first antenna ter- 
minal 502 connected to a first antenna, a second 
antenna terminal 503 connected to a second an- 

25 tenna, a receiving terminal 504 for outputting a 
receiving signal received from the first antenna 
terminal 502 and the second antenna terminal 503. 
a first control terminal 505 for receiving a first 
control signal, a second control terminal 506 for 

30 receiving a second control signal, a third control 
terminal 507 for receiving a third control signal, and 
a fourth control terminal 508 for receiving a fourth 
control signal. The antenna switching device further 
includes a first switching circuit 535, a second 

35 switching circuit 536, a transmission filter 533 elec- 
trically connected between the transmitting terminal 
501 and the first switching circuit 535, and a band- 
pass filter 534 electrically connected between the 
second switching circuit 536 and the receiving ter- 

40 minal 504. The first switching circuit 535 has a first 
input terminal 562 electrically connected to the 
transmitting terminal 501 and the first antenna ter- 
minal 502, and a first output terminal 564 elec- 
trically connected to the receiving terminal 504. 

45 The second switching circuit 536 has a second 
input terminal 566 electrically connected to the 
second antenna terminal 503 and a second output 
terminal 568 electrically connected to the receiving 
terminal 504. 

so The first switching circuit 535 and the second 

switching circuit 536 constitute selecting means. 
The selecting means selects one mode among a 
first mode for outputting a signal corresponding to 
the transmitting signal to the first antenna terminal 

55 502, a second mode for outputting a signal re- 
ceived from the first antenna to the receiving termi- 
nal 504, and a third mode for outputting a signal 
received from the second antenna to the receiving 

15 
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terminal 504. The selecting means selects the first 
mode when a voltage having a predetermined level 
is respectively supplied to the second and fourth 
control terminals 506 and 508, and the first and 
third control terminals 505 and 507 are grounded, 
selects the second mode when voltages having 
predetermined levels are respectively supplied to 
the first and fourth control terminals 505 and 508, 
and the second and third control terminals 506 and 
507 are grounded, and selects the third mode 
when voltages having a predetermined levels are 
supplied to the second and third control terminals 
506 and 507, and the first and fourth control termi- 
nals 505 and 508 are grounded. 

In Figure 6, the reference numerals 509, 510, 
511, and 512 denote FETs; 513, 514, and 515 one 
end short-circuited dielectric coaxial resonators (di- 
electric resonators); 516, 517, 518, and 519 induc- 
tors; 520, 521. 522, 523, and 524 resistors- and 
525, 526, 527, 528, 529, 530, 531, and 532 capaci- 
tors. 

The dielectric resonator 513, the inductors 516 
and 517, and the capacitors 525, 526, and 527 
constitute the transmission filter 533. The transmis- 
sion filter 533 allows a signal having a frequency 
within a transmitting frequency band to pass there- 
through and has high impedance with respect to 
the receiving signal. 

The dielectric resonators 514 and 515, the in- 
ductor 519, and the capacitors 530, 531, and 532 
constitute the band-pass filter 534. The band-pass 
filter 534 allows a signal having a frequency within 
a receiving frequency band and has high imped- 
ance with respect to signals having a frequency 
outside of the receiving frequency band. 

The FETs 509 and 510, the inductor 518, the 
resistors 520 and 521, and the capacitors 528 and 
529 constitute the first switching circuit 535. In the 
first switching circuit 535, when the impedance 
between a drain and a source of the FET 509 
becomes low and one end of the inductor 518 is 
almost grounded, the inductor 518 and the capaci- 
tor 528 resonate in parallel with each other. Con- 
sequently, the impedance of the first switching 
circuit 535 with respect to the first antenna terminal 
502 becomes extremely high. 

The FETs 511 and 512, the resistors 522, 523, 
and 524 constitute the second switching circuit 
536. 

In the first switching circuit 535, one end of the 
inductor 518 and one end of the capacitor 528 are 
electrically connected to the first input terminal 
562. The other end of the capacitor 528 is ground- 
ed and th other end of the inductor 518 is el c- 
trically connected to the drain of the FET 509 and 
the drain of th FET 510. The source of the FET 
509 is grounded, and the source of the FET 510 is 
electrically connected to the first output t rminal 



564. Because of this configuration of the first 
switching circuit 535, electric power consumed by 
the first switching circuit 535 becomes almost zero 
and the deterioration of the isolation between the 
5 first antenna terminal 502 and the receiving termi- 
nal 504 is prevented at a time when a transmitting 
power is large. 

In the second switching circuit 536, the resis- 
tance of the resistor 522 has resistance almost 
io equal to a matched load. Since the second antenna 
terminal 503 is substantially connected to a 
matched load at a time when the impedance be- 
tween the drain and the source of the FET 511 is 
low, unwanted interference between the antenna 
15 connected to the first antenna terminal 502 and the 
antenna connected to the second antenna terminal 
503 can be prevented, when the transmitting signal 
is transmitted and the receiving signal is received 
at the first antenna terminal 502. 
20 Even though a quarter-wave transmission sec- 

tion is substituted for the inductor 518 and the 
capacitor 528, the same effects as those of the 
above can be obtained. 

The resistance between the drain and the 
25 source of the FET 511 at low impedance can be 
made almost equal to a matched load. Even in this 
case, the second antenna terminal 503 can be 
substantially connected to a matched load, when 
the transmitting signal is transmitted and the re- 
30 ceiving signal is received at the first antenna termi- 
nal 502. However, the matched load can be more 
readily regulated when the resistor 522 having a 
resistance almost equal to the matched load is 
connected to the source of the FET 511. 
35 When an inductor is connected between the 

drain of the FET 512 and the source of the FET 
512 in the second switching circuit 536, the isola- 
tion of the second switching circuit 536 at a time 
when the second switching circuit 536 is inter- 
w rupted can be increased. In the case where the 
FET 511 and the resistor 522 are removed from 
the second switching circuit 536, although the 
above-mentioned effects are lost, the second 
switching circuit 536 still retains the required func- 
*5 tion. 

Hereinafter, the operation of the antenna 
switching device of the present example will be 
described. 

When the transmitting signal is transmitted 
o from the first antenna terminal 502 (first mode), a 
negative voltage equal to or less than a pinch-off 
voltage is applied to the second and fourth control 
terminals 506 and 508, and the first and third 
control terminals 505 and 507 are grounded. When 
5 the control voltage is applied to the respectiv 
control terminals, the impedance between the drain 
and the source of the FETs 510 and 512 becomes 
high, and the impedance between the drain and the 
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source of the FETs 509 and 511 becomes low. The 
low impedance state between the drain and the 
source of the FET 509 renders one terminal of the 
inductor 518 almost grounded, so that the inductor 
518 and the capacitor 528 resonate in parallel with 
each other. Consequently, the impedance of the 
first switching circuit 535 with respect to the first 
antenna terminal 502 becomes extremely high. The 
transmission filter 533 allows a signal having a 
frequency within a transmitting frequency band to 
pass therethrough. Because of this, the transmitting 
signal input from the transmitting terminal 501 
passes through the transmission filter 533 and is 
output from the first antenna terminal 502 but is not 
output from the other terminals. 

In the first mode, the impedance between the 
drain and the source of the FET 511 becomes low, 
the second antenna terminal 503 is connected to 
the resistor 522 one end of which is grounded, and 
the impedance between the drain and the source of 
the FET 512 becomes high, whereby the second 
antenna terminal 503 becomes substantially con- 
nected to a matched load. 

The antenna switching device of the present 
example has two receiving modes in addition to the 
above-mentioned transmitting mode. These receiv- 
ing modes are classified into that receiving a signal 
at the first antenna terminal 502 (second mode) 
and that receiving a signal at the second antenna 
terminal 503 (third mode). 

First, the operation of the second mode will be 
described. 

When a signal is received at the first antenna 
terminal 502, a negative voltage equal to or less 
than a pinch off voltage is applied to the first and 
fourth control terminals 505 and 508, and the sec- 
ond and third control terminals 506 and 507 are 
grounded. When the control voltage is applied to 
the respective control terminals, the impedance 
between the drain and the source of the FETs 509 
and 512 becomes high, and the impedance be- 
tween the drain and the source of the FETs 510 
and 511 becomes low. As a result, the impedance 
between the first input terminal 562 and the first 
output terminal 564 of the first switching circuit 535 
becomes low, and the second switching circuit 536 
has high impedance with respect to the first switch- 
ing circuit 535. The impedance of the transmission 
filter 533 with respect to the first antenna terminal 
502 is extremely high within a receiving frequency 
band. Consequently, the receiving signal input from 
the first antenna terminal 502 is output from the 
receiving terminal 504, but is not output from the 
other terminals. 

In th second mode, the impedance between 
the drain and the source of the FET 511 becomes 
low, the second antenna terminal 503 is connected 
to the r sistor 522 one end of which is grounded. 
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and the impedance between the drain and the 
source of the FET 512 becomes high, whereby the 
second antenna terminal 503 becomes substan- 
tially connected to a matched load. 
5 Next, the operation of the third mode will be 

described. 

When a signal is received at the second an- 
tenna terminal 503, a negative voltage equal to or 
less than a pinch off voltage is applied to the 
w second and third control terminals 506 and 507, 
and the first and fourth control terminals 505 and 

508 are grounded. When the control voltage is 
applied to the respective control terminals, the im- 
pedance between the drain and the source of the 

75 FETs 510 and 511 becomes high, and the imped- 
ance between the drain and the source of the FETs 

509 and 512 becomes low. Consequently, the first 
switching circuit 535 has high impedance with re- 
spect to the second switching circuit 536, and the 

20 impedance between the second input terminal 566 
and the second output terminal 568 of the second 
switching circuit 536 becomes low. As a result, the 
receiving signal input from the second antenna 
terminal 503 is output from the receiving terminal 

25 504 but is not output from the other terminals. 

As described above, the antenna switching de- 
vice in Example 5 according to the present inven- 
tion has the same function as that of Example 1, 
and consumes almost no power. 

30 Various other modifications will be apparent to 

and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to 

35 the description as set forth herein, but rather that 
the claims be broadly construed. 

Claims 

40 1. An antenna switching device comprising: 

a transmitting terminal for receiving a 

transmitting signal; 

a first antenna terminal connected to a first 

antenna; 

45 a second antenna terminal connected to a 

second antenna; 

a receiving terminal for outputting receiv- 
ing signals received at the first antenna termi- 
nal and the second antenna terminal; 

so selecting means for selecting one mode 

among a first mode for outputting a signal 
corresponding to the transmitting signal to the 
first antenna terminal, a second mode for out- 
putting the receiving signal received at the first 

55 antenna to the receiving terminal, and a third 

mode for outputting the receiving signal re- 
c iv d at the second antenna to the receiving 
terminal. 

17 
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2. An antenna switching device according to 
claim 1, wherein the selecting means com- 
prises: 

a first switching circuit having a first input 
terminal electrically connected to the transmit- s 
ting terminal and a first output terminal elec- 
trically connected to the first antenna terminal; 

a second switching circuit having a second 
input terminal electrically connected to the first 
antenna terminal, and a second output terminal io 
electrically connected to the receiving terminal; 
and 

a third switching circuit having a third input 
terminal electrically connected to the second 
antenna terminal, and a third output terminal 75 
electrically connected to the receiving terminal. 

3. An antenna switching device according to 
claim 2, wherein, when the selecting means 
selects the first mode, an electrical conduction 20 
is brought between the first input terminal and 
the first output terminal of the first switching 
circuit, and the second input terminal of the 
second switching circuit is electrically discon- 
nected from the second output terminal there- 25 
of, 

when the selecting means selects the sec- 
ond mode, the first input terminal of the first 
switching circuit is electrically disconnected 
from the first output terminal thereof, an elec- 30 
trical conduction is brought between the sec- 
ond input terminal and the second output ter- 
minal of the second switching circuit, and the 
third input terminal of the third switching circuit 
is electrically disconnected from the third out- 35 
put terminal thereof, and 

when the selecting means selects the third 
mode, the second input terminal of the second 
switching circuit is electrically disconnected 
from the second output terminal thereof, and 40 
an electrical conduction is brought between the 
third input terminal of the third switching circuit 
and the third output terminal thereof. 



An antenna switching device according to 
claim 4, wherein the reception filter is a band- 
pass filter with attenuation poles. 



4. An antenna switching device according to 45 
claim 2, comprising: 

a low-pass filter electrically connected be- 
tween the transmitting terminal and the first 
switching circuit, for selectively allowing only a 
signal component of the transmitting signal 50 
having a frequency lower than a predetermined 
frequency to pass therethrough; and 

a reception filter electrically connected be- 
tween the second switching circuit and the 
receiving terminal, for allowing only a signal 55 
component of the rec iving signal having a 
frequency within a predetermined frequency 
band to pass therethrough. 



6. An antenna switching device according to 
claim 2, wherein the first switching circuit has 
a first PIN diode connected between the first 
input terminal and the first output terminal, and 
the third switching circuit has a second PIN 
diode connected between the third input termi- 
nal and the third output terminal. 

7. An antenna switching device according to 
claim 6, wherein the first switching circuit has 
a series circuit of an inductor and a capacitor, 
connected in parallel with the first PIN diode 
between the first input terminal and the first 
output terminal, and the third switching circuit 
has a series circuit of an inductor and a ca- 
pacitor, connected in parallel with the second 
PIN diode between the third input terminal and 
the third output terminal. 

8. An antenna switching device according to 
claim 2, wherein at least one of the first switch- 
ing circuit and the third switching circuit has an 
FET, and a drain terminal and a source termi- 
nal of the FET are electrically connected be- 
tween the first input terminal and the first out- 
put terminal. 

9. An antenna switching device according to 
claim 8, wherein at least one of the first switch- 
ing circuit and the third switching circuit has an 
inductor, one end of the inductor is electrically 
connected to the drain terminal of the FET, 
and the other end of the inductor is electrically 
connected to the source terminal of the FET. 

10. An antenna switching device according to 
claim 2, wherein the second switching circuit 
has first and second inductors connected be- 
tween the second input terminal and the sec- 
ond output terminal, a first capacitor connected 
between the second input terminal and a 
ground, a second capacitor connected be- 
tween the second output terminal and the 
ground, and a PIN diode connected between 
the ground and a contact point between the 
first inductor and the second inductor. 

11- An antenna switching device according to 
claim 2, wherein the second switching circuit 
has a first quarter-wave transmission section, a 
second quarter-wave transmission section, and 
a PIN diode, on end of the first quarter-wave 
transmission section is electrically connected 
to the second input terminal, one end of the 
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PIN diode and one end of the second quarter- 
wave transmission section are electrically con- 
nected to the other end of the first quarter- 
wave transmission section, the other end of the 
PIN diode is grounded, and the other end of 
the second quarter-wave transmission section 
is electrically connected to the second output 
terminal. 

12. An antenna switching device according to 
claim 2, wherein the second switching circuit 
has a series circuit of an inductor and a PIN 
diode, electrically connected between the sec- 
ond input terminal and the second output ter- 
minal, and a capacitor electrically connected 
between the second input terminal and the 
second output terminal and connected in par- 
allel with the series circuit. 

13- An antenna switching device according to 20 
claim 2, wherein the first switching circuit has 
a PIN diode, and the second and third switch- 
ing circuits have FETs. 

14. An antenna switching device according to 25 
claim 2, wherein the second switching circuit 

has an inductor, a capacitor, a first FET, and a 
second FET, one end of the inductor and one 
end of the capacitor are respectively elec- 
trically connected to the second input terminal, 30 
the other end of the capacitor is grounded, the 
other end of the inductor is electrically con- 
nected to a drain terminal of the first FET and 
a drain terminal of the second FET, a source 
terminal of the first FET is grounded, and a 35 
source terminal of the second FET is elec- 
trically connected to the second output termi- 
nal. 

15. An antenna switching device according to 40 
claim 2, wherein the second switching circuit 

has a quarter-wave transmission section, a first 
FET, and a second FET, one end of the quar- 
ter-wave transmission section is electrically 
connected to the second input terminal, the 45 
other end of the quarter-wave transmission 
section is electrically connected to a drain ter- 
minal of the first FET and a drain terminal of 
the second FET, a source terminal of the first 
FET is grounded, and a source terminal of the 50 
second FET is electrically connected to the 
second output terminal. 

16. An antenna switching d vice according to 
claim 2, wherein the third switching circuit has 55 
a first FET and a second FET, a drain terminal 

of the first FET and a drain terminal of the 
second FET are el ctrically connected to the 



third input terminal, a source terminal of the 
first FET is grounded, and the third output 
terminal is electrically connected to a source 
terminal of the second FET. 



18. An antenna switching device according to 
claim 2, wherein the third switching circuit has 
a first FET and a second FET, resistance be- 
tween a drain terminal and a source terminal of 
the first FET in an ON state is nearly equal to 
a matched load, the drain terminal of the first 
FET and a drain terminal of the second FET 
are electrically connected to the third input 
terminal, the source terminal of the first FET is 
grounded, and a source terminal of the second. 
FET is electrically connected to the third out- 
put terminal. 

19. An antenna switching device according to 
claim 1, comprising: a transmission filter elec- 
trically connected between the transmitting ter- 
minal and the first antenna terminal; and a 
reception filter having a circuit portion elec- 
trically connected between the second antenna 
terminal and the receiving terminal and having 
a dielectric resonator electrically connected to 
the receiving terminal. 

20. An antenna switching device according to 
claim 19, comprising a substrate having a first 
portion on which the transmission filter is 
formed, a second portion on which the circuit 
portion of the reception filter is formed, and a 
third portion on which the dielectric resonator 
of the reception filter is formed, 

wherein the third portion of the substrate is 
interposed between the first portion and the 
second portion. 

21. An antenna switching device according to 
claim 1, comprising: a transmission filter elec- 
trically connected between the transmitting ter- 
minal and the first antenna terminal, allowing a 
signal component having a frequency within a 
transmitting frequency band to pass thereth- 



17. An antenna switching device according to 
claim 2, wherein the third switching circuit has 
a first FET, a second FET, and a resistor 
having resistance nearly equal to a matched 
10 load, a drain terminal of the first FET and a 

drain terminal of the second FET are elec- 
trically connected to the third input terminal, a 
source terminal of the first FET is connected to 
one end of the resistor, the other end of the 
15 resistor is grounded, and a source terminal of 

the second FET is electrically connected to the 
third output terminal. 
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rough and having high impedance with respect 
to a signal component having a frequency 
within a receiving frequency band. 

22. An antenna switching device according to 5 
claim 21, wherein the selecting means has a 

first switching circuit including a first input ter- 
minal electrically connected to the first antenna 
terminal and a first output terminal electrically 
connected to the receiving terminal, and a sec- 10 
ond switching circuit including a second input 
terminal electrically connected to the second 
antenna terminal and a second output terminal 
electrically connected to the receiving terminal. 

15 

23. An antenna switching device according to 
claim 22, comprising a reception filter elec- 
trically connected between the first switching 
circuit and the receiving terminal. 

20 

24. An antenna switching device according to 
claim 23, wherein the reception filter selec- 
tively allows a signal component of the receiv- 
ing signal having a frequency within a pre- 
determined frequency band to pass thereth- 25 
rough. 

25. An antenna switching device according to 
claim 24, wherein the reception filter is a band- 
pass filter with attenuation poles. 30 

26. An antenna switching device according to 
claim 21, wherein the transmission filter further 
has a low-pass characteristic. 

35 

27. An antenna switching device according to 
claim 26, wherein the transmission filter has a 
band-stop filter and a low-pass filter. 

28. An antenna switching device according to 40 
claim 22, wherein the second switching circuit 

has a PIN diode electrically connected be- 
tween the second input terminal and the sec- 
ond output terminal. 

45 

29. An antenna switching device according to 
claim 28, wherein the second switching circuit 
has a series circuit of an inductor and a ca- 
pacitor, electrically connected between the 
second input terminal and the second output 50 
terminal, and the PIN diode is connected in 
parallel with the series circuit. 



30. An antenna switching device according to 
claim 22, wherein the second switching circuit 
has a FET having a drain terminal and a 
source terminal electrically connected between 
the second input terminal and the second out- 



55 



put terminal, and a control signal for controlling 
the FET is input to a gate terminal of the FET. 

31. An antenna switching device according to 
claim 30, wherein the second switching circuit 
has an inductor one end of which is connected 
to the drain terminal of the FET and the other 
end of which is connected to the source termi- 
nal of the FET. 

32. An antenna switching device according to 
claim 22, wherein the first switching circuit has 
a first inductor, a second inductor^ a first ca- 
pacitor, a second capacitor, and at PIN diode, 
one end of the first inductor and one end of 
the first capacitor are electrically connected to 
the first input terminal, the other end of the first 
capacitor is grounded, one end of the PIN 
diode and one end of the second inductor are 
electrically connected to the other end of the 
first inductor, the other end of the PIN diode is 
grounded, the other end of the second inductor 
and one end of the second capacitor are elec- 
trically connected to the first output terminal, 
and the other end of the second capacitor is 
grounded. 

33. An antenna switching device according to 
claim 22, wherein the first switching circuit has 
a first quarter-wave transmission section, a 
second quarter-wave transmission section, and 
a PIN diode, one end of the first quarter-wave 
transmission section is electrically connected 
to the first input terminal, one end of the PIN 
diode and one end of the second quarter-wave 
transmission section are electrically connected 
to the other end of the first quarter- wave trans- 
mission section, the other end of the PIN diode 
is grounded, and the other end of the second 
quarter-wave transmission section is electrical- 
ly connected to the first output terminal. 

34. An antenna switching device according to 
claim 22, wherein the first switching circuit has 
a series circuit of an inductor and a PIN diode, 
electrically connected between the first input 
terminal and the first output terminal, and a 
capacitor electrically connected between the 
first input terminal and the first output terminal 
and connected in parallel with the series cir- 
cuit. 

35. An antenna switching device according to 
claim 22, wherein the first switching circuit has 
an inductor, a capacitor, a first FET, and a 
second FET, one end of the inductor and one 
end of the capacitor are electrically connected 
to the first input terminal, the other end of the 
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capacitor is grounded, a drain terminal of the 
first FET and a drain terminal of the second 
FET are electrically connect d to th other end 
of the inductor, a source terminal of the first 
FET is grounded, and a source terminal of the 5 
second FET is electrically connected to the 
first output terminal. 

36. An antenna switching device according to 

claim 22, wherein the first switching circuit has w 
a quarter- wave transmission section, a . first 
FET, a second FET, one end of the quarter- 
wave transmission section is electrically con- 
nected to the first input terminal, the other end - 
of the quarter-wave transmission section is 75 
electrically connected to a drain terminal of the 
first FET and a drain terminal of the second 
FET, a source terminal of the first FET is 
grounded, and a source terminal of the second 
FET is electrically connected to the first output 20 
terminal 



37. An antenna switching device according to 
claim 22, wherein the second switching circuit 

has a first FET and a second FET, a drain 25 
terminal of the first FET and a drain terminal of 
the second FET are electrically connected to 
the second input terminal, a source terminal of 
the first FET is grounded, and a source termi- 
nal of the second FET is electrically connected 30 
to the second output terminal. 

38. An antenna switching device according to 
claim 22, wherein the second switching circuit 

has a first FET, a second FET, and a resistor 35 
having resistance nearly equal to a matched 
load, a drain terminal of the first FET and a 
drain terminal of the second FET are elec- 
trically connected to the second input terminal, 
one end of the resistor is connected to a 40 
source terminal of the first FET, the other end 
of the resistor is grounded, and a source termi- 
nal of the second FET is electrically connected 
to the second output terminal. 

45 

39. An antenna switching device according to 
claim 22, wherein the second switching circuit 
has a first FET and a second FET, resistance 
between a drain terminal and a source terminal 

of the first FET in an ON state is nearly equal 50 
to a matched load, the drain terminal of the 
first FET and a drain terminal of the second 
FET are electrically connected to the first input 
t rminal, th source terminal of the first FET is 
grounded, and a source terminal of th second 55 
FET is electrical connected to the second out- 
put terminal. 
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